We investigated the prevalence of and risk factors for combinations of urinary incontinence (UI), fecal incontinence (FI) and pelvic organ prolapse (POP) in racially diverse women older than 40 years.
U rinary incontinence (UI) and pelvic organ prolapse (POP) are common conditions that profoundly affect quality of life and have large economic costs. 1Y10 Fecal incontinence (FI), although less common, is a very distressing condition also associated with substantial adverse affects on quality of life. 11Y14 While these three conditions are known to occur concomitantly in many women, little is known about the prevalence of different combinations of the conditions in a general population. Whether they are different presentations of a common pelvic floor disease, or they are distinct and separate conditions, is a matter of both scientific and practical interest. Risk factors for UI, POP and FI, 6,8,13,15Y17 have been investigated; however, little is known about the degree to which these three conditions share risk factors. The more risk factors are being shared, the more this will support the hypothesis that UI, POP and FI should not be regarded as different conditions, but rather different symptoms of a common underlying pathological process.
The aim of the present study was to investigate the prevalence and associated risk factors for UI, POP and FI, as well as combinations of these conditions, in a racially diverse populationbased cohort of women. We also wanted to explore the hypothesis that UI, POP and FI may be different presentations of a common pelvic floor disease.
MATERIALS AND METHODS
From October 1999 through February 2003, 2109 communitydwelling women were enrolled in the Reproductive Risks for Incontinence Study at Kaiser (RRISK), a population-based, racially diverse cohort of middle-aged and older women. 6 The study population was constructed by identifying women between 40 and 69 years of age who, since age 18 years, had been members of the Kaiser Permanente Medical Care Program of Northern California, a large integrated health care delivery system with over 3 million members that serves about 25% of the population in the area. While previous studies have found Kaiser Permanente Medical Care Program of Northern California members to under-represent extremes in economic status and to be slightly more educated, the members have been shown to be very similar to the population in the geographic area served with respect to all other demographic characteristics. 18 Details of the recruitment have been reported previously. 6 Of the 2109 women in the RRISK cohort, three women were excluded due to a missing response to one of the three pelvic floor conditions. Pelvic floor conditions were assessed by self-report. Women were defined as having UI if they reported weekly or greater UI and as having FI if they reported monthly or greater FI, since these frequencies have been observed as having substantial impact on daily activities. 13, 19, 20 Pelvic organ prolapse was defined by self-reported symptoms of either a Bfeeling of bulging, pressure or protrusion[ or a Bvisible bulging or protrusion from your vagina[ in the past 12 months. 8 Factors potentially associated with UI, POP or FI assessed by self-reported questionnaire included age, race/ethnicity, demographic characteristics, reproductive and menopause history, presence of selected medical conditions (eg, history of irritable bowel syndrome, current constipation) and prior pelvic and other surgeries (eg, hysterectomy, POP repair). Body mass index (BMI) was calculated in kilogram per square meter based on the participant's weight and height measured at the time of the interview. Number of childbirths and method of delivery (vaginal or cesarean section) were abstracted from review of labor and delivery and surgical medical records archived since 1946. Where information on delivery type was lacking (8%), self-report was used.
Statistical Analyses
Prevalence is presented as percentages of the women included in the study (N = 2106). For each combination of pelvic floor conditions, we estimated the prevalence by racial group using a logistic model to adjust for differences in age, BMI, education, number of vaginal deliveries, current estrogen use, hysterectomy, smoking status, constipation and diabetes. We used a multinomial logit model to estimate and compare the strength of the associations between possible risk factors and different combinations of UI, POP, and FI. Six outcomes were identified including (1) no pelvic floor condition, (2) only UI, (3) only FI, (4) only POP, (5) UI and POP, and (6) UI and FI. The remaining two combinations (POP and FI, and all three conditions) were reported by too few women to analyze separately (n = 6 and n = 7, respectively). The common reference group was the women with none of the conditions. From this model, we are able to identify the specific risk factors for each combination and to compare the strength of the association across the combinations using W 2 tests of heterogeneity. To decide if a risk factor was shared by two or more conditions, it had to be a significant risk factor for at least one condition, and the associations had to go in the same direction and be of approximately the same magnitude. For a variable to be a unique risk factor, it had to be significantly associated with one condition, but not with either of the other two conditions, and this difference in association had to be significant at P G 0.10 by a test for heterogeneity. For each shared risk factor, we also tested the hypothesis that the risk factor would be more strongly associated with two of the conditions than with either condition individually.
The variables considered for inclusion in the model, including potential confounders, were identified on a priori grounds and included all variables in Table 1 with P G 0.2 in univariable analyses. Chronic obstructive pulmonary disease was omitted from the final models because of its correlation with smoking and menopause was omitted because of its correlation with age. Rather than make a formal correction for multiple comparisons, we were cautious in interpreting nominally significant results, evaluating them for consistency with earlier findings and biologic plausibility. The analysis was performed in SAS version 9.1.3 (SAS Institute, Cary, NC) and Stata version 8.0 (Stata Corp, College Station, Tex).
Ethics
Informed consent was obtained from all participants by telephone and in writing at the time of data collection. All study 
RESULTS
The mean T SD age among the 2106 women in the RRISK cohort was 55.6 T 8.6 years and the participants were racially diverse (47% white, 19% African American, 17% Latina and 17% Asian). The baseline characteristics of women by type of pelvic floor condition(s) reported are shown in Table 1 .
In the RRISK cohort, 714 (34%) of the women reported at least one of the three pelvic floor conditions. Among the 714 symptomatic women, 602 (84%) reported weekly or greater UI, 117 (16%) reported symptomatic POP, and 116 (16%) reported monthly or greater FI ( Fig. 1 ). Some of these women reported only one condition: 494 (69%) reported weekly or greater UI, 60 (8%) reported symptomatic POP, and 46 (6%) reported monthly or greater FI. Two or more conditions were reported by 16% of women, with similar prevalence of combined UI and FI (9%) and combined UI and POP (7%). For women with one pelvic floor condition, the prevalence of having another condition varied, reported by 18% of women with UI, 49% with POP, and 60% with FI. We saw no difference in the proportion of concomitant conditions when we defined UI by clinical type (stress or urge incontinence) or by UI severity (data not shown). We found strong evidence for clustering of the three pelvic floor conditions, each of which was associated with 2-to 3-fold increased odds of reporting the others (P G 0.01 for all).
The prevalence of pelvic floor conditions differed by race after adjustment for common risk factors (Table 2 ). Overall, weekly or greater UI only was most common (22%), followed by symptomatic POP only (2%), and monthly or greater FI only (2%). African American and Asian women were significantly less likely to report only UI compared with white women (P = 0.02 and P = 0.04, respectively). Although there was limited frequency of combined pelvic floor conditions in these analyses, Latina women were more likely to report combined UI and POP (P G 0.01).
The adjusted associations between potential risk factors and each pelvic floor condition alone and combinations of these conditions are shown in Table 3 . Two risk factors, estrogen use and constipation, were shared for only UI, only FI and only symptomatic POP. Age was a shared risk factor for UI and FI, while current smoking was a shared risk factor for UI and symptomatic POP, though a marginally stronger risk factor for POP (P = 0.08 for heterogeneity). Being a college graduate was the only additional risk factor shared between FI and POP. African American and Asian races were protective, compared to white, for UI and POP. Body mass index met our definition of a unique risk factor for UI, being significantly associated with UI but not associated with FI or POP, with this difference in association being significant by the test for heterogeneity. Diabetes was found to be a unique risk factor for FI, and parity a unique risk factor for symptomatic POP. Hysterectomy was not a significant risk factor for any of the three conditions alone. Table 3 also compares the association of risk factors with combinations of the conditions compared to each of the conditions alone. The risk of having both UI and POP for Latina women was significantly greater than the risk for either UI or Parity appeared to have a clearly stronger association with a combination of two disorders, weekly or greater UI and monthly or greater FI, (OR = 3.2) than with either disorder alone (OR = 1.2 and 1.4, respectively), though this difference was only significant with respect to the only-UI group.
DISCUSSION
In this racially diverse population-based cohort of middleaged and older women, one-third of women reported at least one of the three pelvic floor conditions that included weekly or greater UI, symptomatic POP or monthly or greater FI. Urinary incontinence was most prevalent (29%) with symptomatic POP and FI having a much lower prevalence (6%). The prevalence of each condition observed in our study is similar to those reported in other population-based studies. 1Y4,6,9Y14 A previous study showed a somewhat lower prevalence of UI compared to our study, whereas FI and POP were experienced by similar proportions of women aged 40 to 59 years (17.2% had UI, 3.8% had POP and 9.9% had FI). 21 Two or more conditions were reported by 5% of all women and 16% of women with at least one condition. Women with FI or POP were more likely than those with UI to report more than one condition (60%, 49% and 18%, respectively) which is because UI was much more prevalent.
We found that 8% of women reported both weekly or greater UI and monthly or greater FI. In a previous populationbased study, 11% reported stress UI and FI among women aged 40 to 69 years. 22 The prevalence rates of combined UI and POP were similar between the two studies (6% in our study vs 3% in the previous study, which included only stress UI) as were the prevalence rates of combined POP and FI (1% vs 3%, respectively). A general practiceYbased study found a prevalence of 10% for combined UI and FI. 23 The relationship between the three pelvic floor conditions is poorly understood and little investigated. It is well known that they often occur concomitantly. Whether they are symptoms due to a common pathological process, shared risk factors, or often co-exist simply by chance is, however, unknown. Risk factors for each condition have, on the other hand, been identified in previous studies. Our study found that the overlap in the disorders cannot be explained by chance. We then evaluated potential risk factors for one or more of the disorders separately, with respect to the other disorders and to combined disorders. If UI, FI and POP are part of the same pelvic floor process, we expected that the conditions will have common risk factors and that a risk factor would be more strongly associated with combined conditions than with a single condition. We found only weak evidence for such a relationship. Two risk factors, constipation and estrogen use, appeared to be shared across all three conditions, and an additional four risk factors (age, African American race, college graduate and current smoker) appeared to be shared between two of the conditions. In contrast, three risk factors appeared to be unique (eg, BMI for UI, parity for POP and diabetes for FI). Parity has previously been shown to be a strong risk factor for UI in younger-age groups, but not in the age group investigated in the current study. 24 This most likely reflects a combination of shared and separate risk factors and mechanisms underlying these three related conditions. Similarly, the evidence for a stronger association between risk factors and combined conditions, compared to each condition alone, is inconsistent. While ORs were notably higher in the combined groups compared to those in women with single conditions for several risk factors (eg, estrogen, hysterectomy, parity and smoking for UI and FI combined, and being Latina, parity and constipation for the UI and POP combined), this difference was significant only in the association of Latina race and prevalent UI and POP combined. Prior studies do not provide comparable data, and since there is no clear interpretation of this finding, it may be due to chance.
While physiologic models of UI, FI and POP share pelvic floor dysfunction as a common mechanism, 25 discussion of the pathophysiology of these disorders is beyond the scope of the current article. However, further research should be designed to pursue this matter.
A study including women with UI or POP found that one third of women with UI had concomitant FI. 26 These results are in contrast with those of our study which found that 13% of the women with UI also had FI. The former study was, however, not population-based. Another study reported that 62% of women undergoing UI surgery had symptoms of FI, 27 and a third study reported that 38% of women with UI had POP, and 19% had FI. Hence, there is a large variability in reported data, which stems from differences in the populations studied as well as differences in definitions of the conditions.
The results of our study suggest that UI, FI and POP are to some degree independent in that there are differences in their association with risk factors, and the association with risk factors is not consistently stronger for combination of conditions than for single conditions. However, we also found evidence for shared risk factors and a stronger association between some risk factors and combined, compared to single, conditions, suggesting that there may be a degree of shared mechanism(s) underlying all three conditions. These findings may affect the decision of whether to adjust for concomitant pelvic floor conditions when modeling the association between a possible risk factor and the primary condition of interest. When evaluating risk factors for any one condition, adjusting for the presence of the other conditions may inappropriately attenuate the association with a shared risk factor that operates through a shared mechanism. Given that we have little evidence that any pelvic floor condition actually causes another, and that there are few risk factors for one pelvic floor condition that are likely to result from the presence of another pelvic floor condition, not adjusting for the other conditions is a reasonable methodological strategy.
Our study had several limitations. It was cross-sectional and thus cannot determine causal associations. This is particularly important when interpreting the results for risk factors such as estrogen use and hysterectomy. The participants were middleaged and older community-dwelling women with long-term enrollment in a pre-paid health delivery system with generally equal access to care. Therefore, these results may not be generalizable to younger or older women or those without insurance. We included different ethnic groups in this study; however, it is important to bear in mind that especially African American and Asian-American women are highly diverse genetically. Further subgroup analyses were not feasible in this study, but may be worth considering in the planning of future studies. In the current study, even though it is based on a large cohort, some combinations of conditions were uncommon, limiting power. Thus the negative results cannot be considered conclusive.
In this racially diverse population-based cohort of middleaged and older women, over one-third of women reported at least one of the three pelvic floor conditions that included weekly or greater UI, symptomatic POP or monthly or greater FI. Urinary incontinence was most prevalent, with symptomatic POP and monthly or greater FI having much lower and similar prevalence. These diseases both share and have unique risk factors in a complex pattern, and this should be taken into account when prevention strategies are being discussed. Clinicians should also be aware that half or more of women presenting with POP or FI have symptoms of more than one condition. Choice of treatment should only be made when patients have had a full examination for all three conditions.
